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Abstract
Structural characteristics of xyloglucan are constant in the pericarp cell walls of kiwifruit (Actinidia deliciosa) throughout
fruit enlargement and maturation. Most of the xyloglucan (XG) persists in the cell walls of ripe kiwifruit. XG from the pericarp
tissues of 36-h ethylene-treated kiwifruit was extracted as hemicellulose II (HC-II) with 4.28 M KOH containing 0.02% NaBH4,
and puriﬁed using iodine precipitation and subsequent anion-exchange chromatography. This purifying protocol increased
XG purity from 50 mol% in HC-II fraction to 62 mol% in the puriﬁed XG powder. The molar ratio of glucose: xylose: galactose:
fucose in the puriﬁed XG was 10: 6.9: 2.1: 0.3. Gel permeation chromatography indicated that puriﬁed XG had an average
molecular-mass of 161 KDa, a value that exceeds the 95 KDa Mr determined for total polymeric sugars. Sugar linkage
analysis conﬁrmed the lack of fucose in the kiwifruit XG, but a small amount of arabinoxylan and low Mr glucomannan
remained associated with this fraction.
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Plant cell walls are highly organized structures responsible for
important metabolic andphysiological processes. Research into
the mechanisms for softening during fruit ripening has focused
on both the hemicellulose and pectic polysaccharides. While
much of the effort has been directed toward the role of pectins it
has become increasingly clear that textural changes during fruit
ripening cannot be explained by modiﬁcation of cell wall pectin
alone (Smith et al. 1988; Giovannoni et al. 1989). In dicotyle-
donous plants, xyloglucan (XG) is the principal hemicellulose,
accounting for as much as 20%–25% of the wall. XG binds
tightly to cellulose via hydrogen bonds and serves to cross-link
cellulosemicroﬁbrils(Fry1989;Hayashi1989;Zhouetal.2004).
For this reason, XG depolymerization has been implicated as
an early event in ripening-associated cell wall disassembly
(Rose et al. 1998; Bennett 2002). There is compelling evidence
indicating that hemicellulose is extensively disassembled during
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fruit ripening (McCollum et al. 1989; Sakurai and Nevins 1993,
1997; Maclachlan and Brady 1994), and XG is an important
polysaccharide involved in the cell wall loosening during kiwifruit
ripening (Redgwell 1988; Redgwell et al. 1991; Redgwell and
Fry 1993). However, the details of the role of XG in kiwifruit
ripening are not well established, possibly due to the contami-
nation of the hemicellulose fraction by symplastic starch. Starch
has been reported as a contaminate in the cell-wall materials of
immature kiwifruit because it tenaciously associates with pectic
and hemicellulosic polysaccharides (Li et al. 2006); hence the
integrity of the XG analysis is compromised. In this work special
attention was devoted to the puriﬁcation and characterization
of XG from the pericarp tissues of mature kiwifruit fruits treated
with ethylene to accelerate their ripening. The results provide
additional insight into the multicomponent fractions in kiwifruit
hemicellulose fraction.
Results
Changes in the visco-elastic properties and ﬁrmness of
kiwifruit during ripening
Figure 1 shows the changes in visco-elastic properties and
ﬁrmness of kiwifruit harvested at 25 weeks after anthesis (WAA)
during ripening. Fruit elasticity signiﬁcantly increased after 12 h
of treatment with 1000 ppm ethylene, but decreased during and934 Journal of Integrative Plant Biology Vol. 51 No. 10 2009
Figure 1. Change in visco-elastic properties and ﬁrmness of the kiwifruits during ripening.
Fruit visco-elastic properties were measured with a laser Doppler method. Change in fruit ﬁrmness is shown in the inset, top right. Fruit ﬁrmness was
determined with an Efﬁgi penetrometer. The arrows show the 1000 ppm ethylene treatment for 36 h.
afteranadditional24hoftreatmentofethylene.Within48hafter
ethylene treatment, fruit elasticity almost linearly decreased,
but slowly decreased in another 48 h. Tissue viscosity in a
fruit remained unchanged during ethylene treatment, but 72 h
thereafter had a tendency to increase, and then signiﬁcantly
increased to 96 h. Fruit ﬁrmness measured by an Efﬁgi pen-
etrometer decreased signiﬁcantly from 11.0 to 4.5 Kgf within
24 h after ethylene treatment, and slowly decreased to 3.0 Kgf
over another 72 h.
Changes in the contents of neutral sugars of
hemicellulosic II during kiwifruit ripening
The extraction procedure of hemicellulosic-II (HC-II) fraction is
summarized in Figure 2. The HC-II fractions were digested
by α-amylase and iso-amylase, then lyophilized, and ﬁnally
freeze-dried to analyze the content of neutral sugars (Table 1).
The main neutral sugars in HC-II fractions were glucose (Glc),
xylose (Xyl), galactose (Gal), mannose (Man) and arabinose
(Ara). On a mol% basis, the amount of Ara decreased from
6.70 to 3.58 during ethylene treatment, and then remained no
change after ethylene treatment. The mol% of Gal increased
from 13.49 to 17.38 within 12 h after ethylene treatment, then
quickly decreased to 10.85, and remained unchanged. During
theslowdecreaseinfruitﬁrmness(from36to96hafterethylene
treatment), the mol% of Xyl tended to increase, but that of
Glc had a tendency to decrease. The content of Man slowly
increasedduringthe72hafterethylenetreatment,butthereafter
decreased. These results suggest that the loss of Ara and Gal
occurred in HC-II fractions during fruit ripening, and there was
appreciable xylan and mannan present in these HC-II fractions.
Puriﬁcation of xyloglucan from ripening fruit
In the present study, XG was puriﬁed from ethylene-treated
kiwifruit cell wall depleted of symplastic starch (Figure 2). About
679.7 mg of HC-II fraction was obtained from 400 g of the
pericarp of the ripe kiwifruit (Table 2). The HC-II fraction was
selected as a source to purify the XG, because the combined
amounts of glucose plus xylose were over 73 mol% of total
sugar residues in that fraction (Table 1). To further purify the
XG, the HC-II fraction was subjected to successive precipitationXyloglucan in Kiwifruit Pericarp 935
Figure 2. Sequential chemical-extraction protocol used for the preparation and isolation of the cell wall fractions from kiwifruit pericarp tissue.
with ethanol and CaCl2, followed by a subsequent precipitation
of the supernatant with an I2 solution (Figure 3). The iodine
precipitation was used to separate linear (insoluble) polysac-
charides from branched (soluble) polysaccharides in the XG
Table 1. Changes in the content of neutral sugars of kiwifruit harvested at 25 weeks after anthesis (WAA) after 1000 ppm ethylene treatment
Hours after 36-h ethylene treatment
Neutral sugars Controla
0 1 22 43 64 87 29 6
Mol%
Rha 1.05 0.83 1.91 0.00 0.92 0.77 0.00 0.00
Fuc 0.19 0.59 0.00 0.00 0.00 0.39 0.24 0.19
Ara 6.70 3.58 3.26 3.91 3.63 3.34 2.84 3.05
Xyl 38.74 36.82 32.41 39.30 37.26 38.99 42.86 44.54
Man 3.39 3.56 3.91 4.72 5.29 4.93 4.80 4.29
Gal 12.44 13.49 17.38 10.85 11.14 11.09 11.12 10.82
Glc 37.49 41.13 41.13 41.21 41.77 40.49 38.15 37.10
aThe control is the fruits before ethylene treatment.
Data are the average values of two independent experiments. The ratio of standard deviations to means was less than 9.7%.
Ara, arabinose; Fuc, fucose; Gal, galactose; Glc, glucose; Man, mannose; Rha, rhamnose; Xyl, xylose.
puriﬁcation procedure. The branched polysaccharides soluble
inI2 solution gave a violet color, and mainlyconsisted of glucose
and arabinose, but the linear (insoluble) polysaccharides, were
precipitated as an iodine complex with green color and showed936 Journal of Integrative Plant Biology Vol. 51 No. 10 2009
Table 2. Amount of hemicellulosic polysaccharides in the ripe kiwifruit
during xyloglucan (XG) puriﬁcation from 400 g pericarp tissue
Fractions Powder amount (mg) Content (μg powder/g FW)
Fr. HC-II 679.7 1699
Fr. HC-IIB-I2P 305.4 764
DEAE-XG 166.7 418
FW, fresh weight; HC, hemicellulose.
characteristics of XG due to the large content of xylose and
glucose.
Anion-exchange chromatography
The I2 insoluble fraction was subjected to anion-exchange
chromatographyonaDEAESephadexA-25columntoeliminate
Figure 3. The protocol used for the partial puriﬁcation of xyloglucan (XG).
acidic polysaccharides and protein. Successively washing the
column with 10 mM phosphate buffer (PB, pH 6.0), 0.2 M PB
(pH 6.0), and 1 M NaOH solution, yielded three peaks in the
elution proﬁle (Figure 4). The PB (pH 6.0, 10 mM) eluted an XG
consisting of components similar to those of total sugar. Those
polymers eluting with both 0.2 M PB (pH 6.0) and 1 M NaOH
solution, respectively, consisted mostly of uronic acids that were
consistentwithtotalsugars.Uponanalysisoftotalsugarwiththe
phenol-sulfuric acid method, the ratio (0.89) of absorbance at
A490/480 in 10 mM PB fraction is over 0.8 (Table 3), indicating
the presence of a high proportion of pentoses. In contrast, in the
following elution solutions of both 0.2 M PB (pH 6.0) and 1 M
NaOH, the ratios of absorbance at A490/480 were below 0.8
(Table 3), indicating the presence of hexoses. Thus the polysac-
charide eluted with 10 mM PB can be presumed to be the XG
fraction and deﬁned as DEAE-XG.Xyloglucan in Kiwifruit Pericarp 937
Figure 4. The puriﬁcation of xyloglucan (XG) with anion-exchange
column DEAE-Sephadex A-25.
Successively eluting with 40 mL of 10 mM phosphate buffer (PB), 0.2 M
PB, and 1 M NaOH, 2 mL fractions were collected. Contents of XG, total
sugar (TS) and uronic acid (UA) were determined by the iodine-staining,
phenol sulfuric acid and m-hydroxybiphenyl methods, respectively. The
elution proﬁle is the mean of three independent puriﬁcation cycles.
Gel permeation chromatography
To conﬁrm the homogeneity of DEAE-XG, it was subjected to
gel permeation on a TSK-GEL5000 PW column. The elution
proﬁle revealed only one peak in which total sugar (TS) and
XG coincided, and the XG amount was about 50% of the TS
amount (Figure 5). However, the amount of TS is about equal
to that of XG in Figure 4, implying that the TSK-GEL5000 PW
column could separate XG from other polysaccharides. Further
comparing the elution patterns for TS and for XG, there is a
Table 3. Sugar content in the powders puriﬁed with DEAE Sephadex
A-25 column
Xyloglucan Uronic acid Total sugar A490/480
Elution buffera
μg/mg Fr. HC-IIB-I2P
10 mM PB 389.8 ± 140.6b Omitted 396.1 ± 134.0 0.89
0.2 M PB Omittedc 1.9 ± 0.9 24.3 ± 14.3 0.78
1 M NaOH Omitted 11.7 ± 3.7 81.9 ± 41.3 0.75
aSuccessive eluting DEAE Sephadex A-25 column with 10 mM
phosphate buffer (PB, pH 6.0), 0.2 M PB, and 1 M NaOH. The elution
fraction in 10 mM PB was deﬁned as DEAE-XG.
bData are mean ± SD (n = 5).
c‘Omitted’ shows that the values are too low which justiﬁes omission.
Figure 5. Determination of molecular mass of the puriﬁed DEAE-
xyloglucan (XG) with gel permeation chromatography on a TSK-
GEL5000 PW column.
The fractions were collected with a fraction collector at 1- min intervals.
XG and total sugar (TS) were detected by the iodine staining and
the phenol sulfuric acid methods, respectively. The elution positions of
molecular mass standards and the void volume (Vo) are shown at the
top of the ﬁgure. The elution proﬁle is the mean of three independent
puriﬁcation cycles.
discrepancy in the low Mr region. The mass-average molecular
weight of XG was 161 KDa, while that of TS was 95 KDa. These
results suggest that there might be a small amount of other low
Mr polysaccharides such as mannan and xylan in the puriﬁed
DEAE-XG fraction. The fractions RT 12–16 min and RT 17–
21 min of gel permeation chromatography were deﬁned as TSK-
XG and TSK-MAN, respectively.
Sugar composition and linkage analysis
Each of the pooled DEAE-XG, TSK-XG and TSK-MAN frac-
tions was dialyzed vs. water, and freeze-dried. The obtained
powder was acid hydrolyzed and per-acetylated, and the sugar
composition analyzed by gas-liquid chromatography (Table 4).
The results show that the molar ratio of Glc:Xyl:Gal:Fuc
in DEAE-XG was 10:6.9:2.1:0.3. Small amounts of fucose
were found in kiwifruit DEAE-XG. The 11.2 mol% of mannose938 Journal of Integrative Plant Biology Vol. 51 No. 10 2009
Table 4. Sugar composition in puriﬁed DEAE-xyloglucan (XG) powder
from kiwifruit
Neutral sugara Content (μg/mg) Mol%
Rha 15.6 ± 2.5b 1.7
Fuc 10.6 ± 4.3 1.2
Ara 45.6 ± 9.1 5.4
Xyl 251.5 ± 5.7 29.4
Man 113.6 ± 22.5 11.2
Gal 88.5 ± 11.5 8.7
Glc 431.4 ± 48.6 42.5
aMonosaccharide analysis was carried out by GLC.
bData are mean ± SD (n = 3).
Ara, arabinose; Fuc, fucose; Gal, galactose; Glc, glucose; Man,
mannose; Rha, rhamnose; Xyl, xylose.
detected in kiwifruit DEAE-XG likely indicates the presence
of a mannan. The presence of 4-Man p and 4,6-Man p in
three fractions of DEAE-XG, TSK-XG and TSK-MAN (Table 5)
indicates a mannan, or glucomannan, or galactoglucomannan
inthehemicelluosicpolysaccharides.Onamol%basis,mannan
content was calculated from the sum of 4-Man p,4 , 6 - M a n
p, and/or terminal Gal p equivalent to 4,6-Gal p according to
the method illustrated by Nunan et al. (1997). The content
of mannan in these three fractions is 9.31%, 8.72%, and
13.69%, respectively. The presence of T-Gal p,T - G l cp, and
4-Glc p in the TSK-MAN fraction conﬁrmed glucomannan or
galactoglucomannan in this puriﬁed powder, but the absence of
T-Glc p in the TSK-XG fraction indicated only mannan in the
puriﬁed XG powder. In addition, 4-Xyl p,2 , 4 - X y lp, and T-Ara
f are the components of arabinoxylan, the estimated content
of arabinoxylan in three elution fractions of DEAE-XG, TSK-XG
and TSK-MAN was 10.41%, 12.26%, and 9.31%, respectively,
suggesting the presence of arabinoxylan in the puriﬁed TSK-XG
and TSK-MAN powders. The estimated content of galactan in
fractions of both DEAE-XG and TSK-XG was 3.51% and 4.84%,
respectively, as indicated by the presence of T-Gal p,4 - G a lp,
and 4,6-Gal p. A typical XG contains 4-Glc p,4 , 6 - G l cp,T - X y l
p,2 - X y lp,2 - G a lp, and T-Fuc p (Hayashi 1989). XG content
was calculated from the molar percent sum of 4,6-Glc p,4 - G l cp
equivalent to one-third of 4,6-Glc p, terminal and 2-Xyl p,2 - G a l
p, and terminal L-fucopyranose. XG contents in three fractions
of DEAE-XG, TSK-XG and TSK-MAN were 60.4%, 62.08%
and 53.92%, respectively. These results suggest that the XG
powder puriﬁed from kiwifruit still contained a glucomannan and
an arabinoxylan.
Discussion
Our previous study suggested that XG content in the amylase-
digested HC-II fraction remained at around 41.4–52.0 mol%
during kiwifruit development, and the XG showed a slight
Table 5. Sugar linkage analysis for the puriﬁed DEAE-XG, TSK-XG,
and TSK-MAN powders in kiwifruit
DEAE-XGb TSK-XGc TSK-MANd
Neutral sugarsa
Mol%
2-Rha p 0.13 – –
2,4-Rha p 0.58 – –
T-Ara f – 2.53 0.60
T-Ara p – – 0.75
3,5-Ara f – 2.79 –
T-Xyl p 9.52 9.55 7.00
2-Xyl p 0.81 3.83 –
4-Xyl p 9.40 6.94 6.80
2,4-Xyl p 1.01 – 1.16
T-Gal p 2.66 – 3.58
2-Gal p 3.72 1.59 2.95
3-Gal p 0.06 – –
4-Gal p 0.73 – 0.91
3,4-Gal p 0.26 – 0.37
4,6-Gal p 0.12 – 0.35
T-Man p 0.27 1.61 –
4-Man p 4.09 3.76 6.24
4,6-Man p 2.56 3.37 3.87
T-Glc p – – 0.40
4-Glc p 28.70 24.44 30.72
4,6-Glc p 34.84 35.33 32.98
4-Gal A 0.33 4.25 0.70
3,4-Gal A 0.23 – 0.60
aSugar linkage analysis was carried out by gas chromatography-mass
spectrometry (GC-MS). Data are the average of two replicates.
bDEAE-XG is the fractions eluted from DEAE Sephadex A-25 column
with PB (10 mM, pH 6.0) in Figure 4.
cTSK-XG is from the fractions RT 12–16 min of gel permeation
chromatography in Figure 5.
dTSK-MAN is from the fractions RT 17–21 min of gel permeation
chromatography in Figure 5.
Ara, arabinose; Fuc, fucose; Gal, galactose; Glc, glucose; Man,
mannose; Rha, rhamnose; Xyl, xylose.
increase in higher molecular-mass during 8–12 WAA, but after
20 WAA it remained unchanged in molecular-mass until harvest
(Li et al. 2006). The present study suggested that the loss of
Ara and Gal occurred in HC-II fractions during fruit ripening,
and there was appreciable xylan and mannan in these HC-II
fractions (Table 1). Thus, further study should be carried out to
determine the changes in XG purity and molecular-mass during
kiwifruit ripening, which can show a continuation about how XG
may change after fruit harvest.
Terasaki et al. (2001) have reported appreciable amounts of
XG in the cell walls of kiwifruit sampled at harvest time, which
was overestimated by the iodine staining method probably due
to starch contamination. In the present study, XG was puriﬁedXyloglucan in Kiwifruit Pericarp 939
from ethylene-treated kiwifruit cell wall depleted of symplastic
starch, and the molar ratio of Glc:Xyl:Gal:Fuc in DEAE-XG
was 10:6.9:2.1:0.3. This is in good agreement with the data of
XG extracted from Phaseolus (10:7:2.5:1) (Kato and Matsuda
1976), Pisum (10:6:1.8:1) (Hayashi and Maclachlan 1984),
Pinus (10:6.8:2.9:0.5) (Acebes et al. 1993), or Diospyros
(10:6.0:3.4:1.4) (Cutillas-Iturralde et al. 1998). The ﬁnding
of small amounts of fucose in kiwifruit DEAE-XG is consistent
with previous studies (Redgwell et al. 1991; Li et al. 2006).
However,the11.2mol%ofmannosedetectedinkiwifruitDEAE-
XG likely indicates the presence of a mannan, or glucomannan,
or galactoglucomannan in the hemicelluosic polysaccharides
(O’Neill and York 2003). The content of mannan in three elution
fractions of DEAE-XG, TSK-XG and TSK-MAN is 9.31 mol%,
8.72mol%,and13.69mol%,respectively.Themethylationanal-
ysis conﬁrmed a glucomannan or galactoglucomannan present
in the puriﬁed TSK-MAN fraction, and only a mannan in the
puriﬁed TSK-XG fraction (Table 5). The estimated content of
arabinoxylan in three elution fractions of DEAE-XG, TSK-XG
and TSK-MAN was 10.41 mol%, 12.26 mol%, and 9.31 mol%,
respectively, indicative of the contamination of arabinoxylan in
the puriﬁed TSK-XG and TSK-MAN powders. The estimated
content of galactan in fractions of both DEAE-XG and TSK-
XG was 3.51 mol% and 4.84 mol%, respectively. XG contents
in three fractions of DEAE-XG, TSK-XG and TSK-MAN were
60.4 mol%, 62.08 mol% and 53.92 mol%, respectively. These
results suggest that the XG puriﬁed from kiwifruit has charac-
teristics similar to those of other dicotyledonous plants. The cell
walls in ripe kiwifruits retain a high proportion of XG, and this XG
is strongly associated with a glucomannan and an arabinoxylan.
During a decrease in fruit ﬁrmness from 9.0 to 3.0 Kgf, the
galactan in HC-II fraction solubilized, and then the glucomannan
and the XG might be degraded. The future work is that the highly
puriﬁed XG could be obtained by treatment of the obtained TSK-
XG with xylanases followed using the lectin column for removal
ofmannan-basedcontaminants.Thepossiblerelationshipofthe
xyloglucan, glucomannan and arabinoxylan during fruit ripening
might be addressed via the puriﬁcation and identiﬁcation of
these polysaccharides.
Material and Methods
Plant material
Kiwifruits (Actinidia deliciosa cv. Hayward) were harvested from
three 15-year-old trees maintained at the National Institute of
FruitTreeScience,Akitsu,Hiroshima,Japan.Attheﬁnalharvest
time (25 WAA), 80 fruits with similar external appearance were
taken, and 32 of these fruits were exposed to continuous
1000 ppm ethylene at room temperature for 36 h to initiate
ripening.Fourfruitsweresampledevery12hfornon-destructive
detection of the visco-elastic properties by a laser Doppler
method (Terasaki et al. 2001). During softening, the ﬁrmness
of a fruit was also measured with an Efﬁgi penetrometer after
removal of a 1-mm-thick disc of skin from each side of the
fruit. For cell wall fractionation, fruits were peeled and the outer
pericarp tissues cut into sections (∼0.3 cm3), the sections were
immediately frozen in liquid nitrogen and stored at −30 ◦C.
Cell wall preparation and fractionation
A sequential chemical-extraction protocol was used for the
preparation and isolation of the cell wall fractions from kiwifruit
(Figure 2). The pericarp tissues were thawed and homogenized
in 80% ethanol solution and then the homogenate mixture was
boiled for 10 min. The homogenate was centrifuged for 10 min
at 1400 g. The residue was washed once with water, twice
with acetone, chloroform: MeOH mixture (1:1, v/v), acetone,
and ﬁnally dried overnight at 37 ◦C. The dried material was
designated as crude wall. The dried crude wall material was
washed once with 50 mM sodium acetate buffer (pH 6.5),
then suspended with the same buffer and heated at 100 ◦C
for 1 min. After cooling, the pellet was treated with 8 units/mL
porcine pancreatic α-amylase (Sigma, St. Louis, MO, USA) and
118 units/mL Pseudomonas iso-amylase (Sigma) at 37 ◦Cf o r
3 h. The wall residues were treated three times (15 min each)
with 50 mM ethylenediaminetetraacetic acid (EDTA) (pH 6.5) at
100 ◦C to extract pectic substances. HC-I and HC-II fractions
were successively extracted from the insoluble residue with
0.71 M or 4.28 M KOH containing 0.02% NaBH4 at room
temperature. The remaining insoluble residue was designated
as cellulose fraction. The pectin, HC-I and HC-II fractions
were treated again by the same α-amylase and iso-amylase,
then lyophilized, and freeze-dried. The content of total sugars
(TS) was determined by the phenol-sulfuric acid method with
glucose for the standard curves (Dubois et al. 1956). The uronic
acid (UA) content was determined by the m-hydroxydiphenyl
method using galacturonic acid as a standard (Blumenkrantz
and Asboe-Hansen 1973). XG content was determined by the
iodine staining method using a relationship that one unit of ab-
sorbency at A640 is equivalent to 155 μg/mL XG (Wakabayashi
et al. 1991).
Xyloglucan puriﬁcation and identiﬁcation
Xyloglucan in HC-II fraction was puriﬁed by the procedure of
Kato and Matsuda (1976) with some modiﬁcations as shown
in Figure 3. The pericarp tissue (∼400 g) of ethylene-treated
kiwifruit was used to prepare the HC-II fraction (680 mg).
Iodine precipition
The powder (0.4 g) of HC-II fraction was dissolved in 10 mL of
4.28 M KOH containing 0.02% NaBH4, and then centrifuged at940 Journal of Integrative Plant Biology Vol. 51 No. 10 2009
12000 g for 15 min. The supernatant was collected, neutralized
with acetic acid to pH 4.8 and kept at 4 ◦C overnight. After
being centrifuged at 12000 g for 15 min the supernatant was
precipitated with ﬁve volumes of 100% ethanol and kept at 4 ◦C
overnight again. The precipitate (Fr. HC-IIB) was dissolved in
40 mL of aqueous 5.9 M CaCl2 solution, followed by centrifu-
gation at 12000 g for 15 min. The supernatant was mixed with
3 mL iodine solution (3% I2 in 4% KI), and stirred at 4 ◦Cf o r
2 h. The mixture was then centrifuged at 14000 g for 10 min
to collect the precipitate. The precipitate was dissolved in hot
distilled water, neutralized with solid Na2S2O3, dialyzed against
water and lyophilized. The dried powder was referred to as the
I2 precipitate fraction (Fr. HC-IIB-I2P, 305 mg).
Anion-exchange chromatography
Fr. HC-IIB-I2P (52 mg) was dissolved in 6 mL of 10 mM PB (pH
6.0), and the insoluble material removed by centrifugation. The
supernatant was applied to a column (1.8 × 5.5 cm) of DEAE-
Sephadex A-25 (phosphate type) activated by conventional
methods and equilibrated with 10 mM PB (pH 6.0). The fraction
was eluted with 40 mL of 10 mM PB (pH 6.0), 0.2 M PB (pH 6.0),
and 1 M NaOH solution to yield three fractions. Each fraction
was dialyzed against distilled water for 24 h, and then freeze-
dried.
Gel permeation chromatography
Fr. DEAE-XG (2.0 mg) was dissolved in 1.0 mL of 50 mM potas-
sium phosphate buffer (pH 7.2), and aliquots of this solution
were resolved using a high performance liquid chromatogra-
phy (HPLC) system (model 307, Gilson, WI, USA), equipped
with a refractive index detector (RID 10A, Shimadzu, Kyoto,
Japan) and a gel permeation column (Bio-Sil TSK-GEL5000
PW, 7.5 mm i.d. × 60 cm, Tosoh, Tokyo, Japan). The sample
was eluted with 50 mM potassium phosphate buffer (pH 7.2) at
a ﬂow rate of 1 mL/min, the elution pattern was monitored by
refractiveindex.Fractionswerecollectedat1-minintervals.The
content of XG in each fraction was determined by the iodine-
staining method. The mass-average molecular weight of XG in
kiwifruit was calculated from the equation reported by Nishitani
and Masuda (1981), Dextrans (Sigma) of 9.4, 35.6, 66.3, 580
and 2000 kDa were used as molecular mass markers.
Sugar composition and linkage analysis
The alditol acetate derivatives of neutral sugars were prepared
according to Chaplin and Kennedy (1986) with some modiﬁca-
tion. Lyophilized powders (2.0 mg) of DEAE-XG, TSK-XG, and
TSK-MANfractionswerehydrolyzedwith2Mtriﬂuoroaceticacid
solution at 121 ◦C for 1 h. The released neutral sugars were
reduced by 2% sodium borohydride in 2 M ammonia solution,
and then per-acetylated by the addition of 1-methylimidazole
followed by acetic anhydride. The per-acetylated sugars were
extractedwithtrichloromethane,thendried,andﬁnallydissolved
in acetone for the analysis. One microliter of the alditol acetate
derivatives was analyzed by gas-liquid chromatography (GLC)
on GC-14B (Shimadzu), equipped with a capillary column (SP-
2380, Supelco, Bellefonte, PA, USA; 0.25 mm i.d. × 15 m). The
oven temperature was raised from 180 ◦C to 240 ◦Ca tar a t eo f
4 ◦C/min.
Sugar linkages were determined by methylation analysis
(Conrad 1972). Samples of DEAE-XG, TSK-XG, and TSK-MAN
fractions were dissolved in 1 mL of dimethylsulfoxide (DMSO)
and methylated in the presence of methyliodide. Permethylated
polysaccharides were extracted with chloroform: MeOH (1:1,
v/v), dried, dissolved in 1 mL of 2 M triﬂuoroacetic acid con-
taining 300 μgo fmyo-inositol, hydrolyzed at 121 ◦Cf o r1h ,
and acetylated. One microliter of the acetylated samples was
introduced into a gas chromatography-mass spectrometry (GC-
MS) system (GC/MS-QP5000, Shimadzu, Kyoto, Japan) and
resolved on a capillary column SP-2340 (0.25 mm i.d. × 15 m,
Supelco). The column was maintained at 160 ◦C for 1 min and
then the temperature was raised to 245 ◦Ca t2◦C/min.
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